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cash crops; they concern mainly the duration of the fallow period and 
the ratio of cultivated to fallow land.
The main characteristics of these systems may be summarized as 
follows:
Progressive clearing of land; removal of stumps, if any.
'Half' shifting cultivation: The villages are permanent, only the 
fields change. The cropping cycles are broken by fallows, the 
duration of which is decreasing more and more.
Livestock may be present, but there is no true mixed farming. Owing 
to the lack of animal power, it is not possible to have deep tillage 
and to incorporate harvested residues or grass fallow into the soil.
Owing to inadequate equipment, there is poor control of weeds.
Mineral fertilization is absent or inadequate.
The number of plants which can be cropped is limited, species and 
varieties having high requirements for water; and mineral elements 
cannot be utilized.
Rotations are more or less without definite plan.
Association of plants on the same field (multiple cropping) is 
frequent. >
Selected varieties are little used.
Control of diseases and parasites is inadequate.
As noted above, despite low yields, such systems can no longer 
maintain soil fertility, in contrast to former traditional systems based 
on short cropping cycles and long resting periods.
1.2 Improved Traditional Systems
As a first step, agronomists tried to improve the peasant systems 
of cropping without upsetting the basic system and using only techniques 
adapted to the very low financial resources of farmers. Efforts were 
made successively on the following:
Use of high-yielding and disease-resistant varieties.
Disinfection of seeds, which is an inexpensive and beneficial 
operation; in some cases (mainly for cotton), control of diseases 
and pests during the vegetative cycle.
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Effects of length, nature and various treatments of grass fallows on 
crop yields were studied in many long-term experiments, especially by 
IRHO in Senegal (IRHO-Senegal, 1960-1968; IRHO-Senegal, 1962-68). From 
these data, it seems that the cffects of burned short-term grass fallows 
on crops yields would be of some importance in the poorest and driest 
regions (northern and central Senegal) and of little importance in the 
regions where soils and climates are more favorable to agriculture, as 
in southern Senegal (Charreau, 1972-73).
2.2 Rotations in the Semi-intensive Systems of Cropping
In the semi-intensive systems of cropping, the duration of grass 
fallow is reduced to one year. It can, however, be two years, in the 
driest regions. As the grass fallow is incorporated in the soil by 
plowing at the end of the rains, effects on soil properties are much 
more beneficial than in the case of burned grass fallow. Soil macro­
structure is largely improved for two or three years, resulting in 
beneficial effects on rooting of the succeeding crop. Water stored in 
the soil profile by the end of the rainy season is conserved throughout 
the dry season. Control of weeds is easier. Effects on the humus 
balance are likely to be more marked, although there is little evidence 
of this. Grass fallow can be replaced by a green manure or an annual 
forage crop. Pearl-millet and sorghum, planted at high density, are 
most commonly used for this purpose. By the end of August, the forage 
is mowed and the regrowth is plowed under by the end of September or in 
October. It is thus possible to combine the benefits of soil improvement 
and of forage production. Such green manures or annual forage crops 
have about the same benefits on soils as grass fallow but they usually 
have a higher production in dry matter and are more easily mowed and 
plowed under than natural grass fallow. On the other hand, their 
extension to farmers is more difficult (Charreau and Nicou, 1971).
After plowing under the fallow or green manure, the cropping 
sequence which has been recommended for a long time in Senegal is the 
same as in the improved traditional systems of cultivation, that is: one 
year of fallow or green manure plowed under - groundnut - cereal - ground­
nut or cowpea. The cereal usually is a long-season pear1-millet or 
sorghum.
2.3 Rotations in the intensive systems of cropping
In these systems, recently studied, the resting period is eliminated 
and plowing under grass fallow or green manure is replaced by plowing
^ Institute de Recherches pour les Huiles et Oleagineux or Research 
Institute for Oil and Oil Crops.
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Ta
bl
e
 
2*
 
Ma
jo
r
 
C
h
a
r
a
ct
e
r
is
t
ic
s 
of
 
th
e 
Ma
in
 
E
c
o
lo
g
ic
a
l 
Zo
n
e
s
 
in 
S
e
n
e
g
a
l
450
CQ
r H
•H
O
CO
tí
3
h *6 01 in 
0> tí XÎ
X> X3 -P A
6 tí y‘
3  «H O PÍ
a  O 6 —
I
1
tí
>
o
fH
X!
. t íto
•H
TJ
tJ
CQ
CQ
- P
3 O h
o <D <*s
t í P . 03 CQ
•H O rH Ch rH Ti O
t»o •H
9
03 *H
- P O X! X¡
U CQ 03
- p bú 03 iHÎH tD 03 •H *H <3*
<1) 03 tí H u ■ w
ch
1
tí
O
(U
rH
03 a>
> CQ
T í 3 t í cd + o rH
T~ 0 •H f t •H/■—N X a 03 uo .— , a O
CQ O t3 t í «s 03 •H CQ
TÍ cd •H CQ ch
*H <D X 3 fn Ch rH cr\2
r t í i—1 - P a )
• 3
cd <D •H ----,
-P ÍH - p -P -P «
>> O - p 03 cd •H O
O rH ' — Ti ra t í fH rH - p
---- '
- P <u tí JÛ CQ
Xí 03
-tí rH - p - p p
t í W) iH O f t t í cd U
•H
♦H •H cd cd •H CQ fn -P
H
cd
rH O
3
M XJ <D 03
CO 03 '— 1 T3 ch w
CQ CQ
-P -P
•H •H
CQ CQ
O O
O. P ,
0 0
T i
C3
T í
tí
3
•H
cd
•H
rH rH
O O
W W
-—V 03 
03 0) 
- P  C  
•H  O  03 -p 
O 03
Pi'S(D tí 
T3 cd
&
T3
t í
cd
o
•H
XI •
&
03
iH
o •H
s O
o 03
&
X i T3
tí
Xt cd
X¡ 03
-P
■ H O3 O
ÍH
(O ra
u tí(13 o
> •H
i d cd
>
cd
*H X!
-PB •H
co ¡3
o
03
'tí ft£3 O
cd fn
O
B -P
t í t íO O
CO U
cd
•V B
03 •H
t í u
*H f t
CO
0)
(D f-1
S i cd
-P
ch - pO •  03
rH
rH
rH Cd
Cd <H
tí tí tí
cd t í  . H
0) t í  cd
S cd u
o O
o O
o i n
T—
1 •í
o
0
o
t n o
o
B
t í
o
t í rH
K rH cd t í
03 cd CO
í
b
X! 0)
- p
-P 03 - p
fn t í t í 03
O 0) •H cd
S O CO W
g g H o M
cd cd cd
0) S  03
tí cd tí 
o o 
N 0) N 
M  
03 tn 03 
®H cd ‘H  
X¡ rH X! 
-P -P 
cd
tí tí
•H
ft 
O tí O 
03 O  03 
H  O H  
•«; O  -a!
r -  (V i»'!
•jBãauas ux paA^os aaÁ 30U st qoTqw uiaxqoad 
b ‘uoT^onpoad ï[oo3S3atx aoj sxBaaao 30 axBs aq:j ut uiaxqoad SuTria^aBui 
b sj aaaq:j ^UTodpuB^s oTuiouooa ub uioaj 3nq ‘a:jBUTuiopaad sjBaaao aaaqw 
SU0T3B50J: qsjxqB^sa 03 a^qTSBaj aq pjnoM 3T ‘auTodpuB^s OTuiouoaSB ub uioa¿ 
•spjaTX qãfq aonpoad ubo qoTqw ‘sxBaaao jj-e aoj axqBaoABj aaB suoT}Tpuoo 
Xbot3oxoo3 aqa ‘puBq aaq:io aqa uo "doao qsBO Axuo aip ‘aaojaaaqa 
‘st ^nupunoaf) *sasBasTp 30 aouapTOuj qSjq but SuT^xnsaa H^xq
aq} 03 anp uornoo woaS 03 axqTssodun: st 3t uoTSaa uaaqrjnos aqn uj
• 3nupunoaS-aoTa paj-UTBa ao umqSaos - uo:noo - azTBui ao îaxxT111-!^3^ 
AxaBa (o) puB ‘anupunoaS - umqSaos - U03300 aapun pawoxd moxibj (q) 
‘^nupunoaS - umqSaos - anupunoaS aapun pawoxd woxx^I (b) :aaB suojSaa 
asaqn ut suoT}B3oa uoumioo 3soui aqx •uoTtjBaoa 30 aoToqo aq3 ut A:*ti 
-jqTxaxj x^T^1113^8*!113 SujpTAoad axqxssod aaB suoT^BUTquioo Aubui x^poui sïq3 
uioa¿ ’a^BnbapB st sdoao qsBO puB sdoao pooj uaaw:jaq aouBXBq aqx
•^nupunoao :asaA qaanoj aq3 ao¿
‘ (aoja paj-uTBa
‘^aXXT®-!1®91! 33^1 ‘umqSaos) xB3:[ao uosBas-Suox :asaA paxq:} aq} ao¿
‘rjnupunoaS ao uo3303 :aB3Á puooas aq} ao¿
‘SuTMoxd Aq
XXos aq3 03UT pa^BaodaoouT qoTqw 30 wBatjs aqa * (:iaxXTm-Tj;B3d 
‘aoja paj-UTBa ‘azjBui) xB3J:30 uosBas-^aoqs b ao aapun pawoxd aanuBui 
uaaaS b ao woxxE3 b uaaw:jaq aoToqo b st aaaq} ‘asaA asaxg aq^ aoj
•uoT3B3oa
aBaA-anog b aoj axqxssod aaB suoTaBUTqmoo Aubui sasBq asaqri uo
•sdoao Sutwoxxo3 9tR J-°J spaaw 30 xoj;:luoo aaTSBa 
raoaj Sux3Xnsaj: ^TJ3U3Cl XBUOT3TPPB UE q3Tw ssBaS ao aanuBui uaaaS
aqa aapun SuTwoxd sb XTos atí3 J03 s^Tjauaq auiBS aq} SBq anbTuqoa} STqx 
*XI0S sq3 o^ut sxBaaao uosBas-rjaoqs 30 wBans aq:j go SuT^BaodaoouT aq} 
q}TW aanuBui uaaaS ao woxxBJ 3° -ispun SuTwoxd aqi aoBxdaa oa auo axqBua 
03 qSnoua Suox st uosBas AuTBa aqn suoTSaa asaqa ux *aoTa paj-UTBa 
puB azTBUi ‘uo^tjoo :aaB Aaqx • nuauidoxaAap aATSsaaSoad ut aaB paonpoarjUT 
ÁX^uaoaa sdoao aaaq^ ‘suoTSaa uaa^SBa aq^ pus umoxBS-auTS aq3 ux
•Ápn^s aapun aaB puB paaapTsuoo 
aq osxB b^ui doao qsBO b ^b ^nupunoaS jo asn aapBoaq Sut5[bui suoj^B^oa 
aaq^o "tjnupunoaS - aaxXT^-T^^d - ^nupunoaS - ^axXT111-!^3^ - aanuBui uaaaS 
ao Moxx^ii : papuauiuiooaa aq osxb ábui uoT^B^oa aBaÁ-aAxj b saBaA aaaq3 
uBq^ aaoui asBX SuTAVoxd sjqa jo s^oajja aq^ sb puB aapun pawoxd st aanuBui 
uaaaS ao aoxxb3 3q3 aaujB nnupunoaS UBqa aa^aaq saop x^3^30 E SV
•anxBA go sAbmxb sT ^nupunoaS - xB9:iso - anupunoaS
- aanuBui uaaaS sb ^axxT™-!^3^ i0 MOTIBá tuoT^B^oa asaA anoj otssbxo 
aqx *uox3Baoa aqa jo SuTuuTSaq aq^ 3B aapun pawoxd moxx^J sssaS b aABq ao
TSt7
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Two kinds of rotations are presently practised:
(1) A four-year rotation: Fallow plowed under-maize-rainfed rice- 
groundnut; or
(2) A three-year rotation: Maize (with straw incorporated into soil)- 
rain-fed rice or late pear1-millet - groundnut.
Studies on rotations are still going on in Senegal and other 
countries of dry West Africa. Special attention should now be paid to 
two topics which might become of increasing interest due to present 
changes in economic conditions. They are: (i) The use of legumes as an 
annual forage crop and/or green manure for replacing grass fallow, or 
cereals used as forage or green manure, and (ii) the introduction in the 
rotation of annual or perennial crops with deep rooting, such as Ca.janus 
ca.jan (Pigeon-pea) .
Legumes as green manure or/and forage were studied many years ago in 
French-speaking countries but for various reasons, both technical and 
economic, they were judged to be of secondary interest and their study 
was somewhat neglected. As nitrogen fertilizers are now very expensive 
in these regions, and as substantial progress has been achieved in 
recent years in soil and crop science, including inoculation of legumes, 
this question should be examined again with a new perspective.
In the same manner, deep-rooted plants would be useful for recovering 
the mineral elements lost by leaching from surface soil layers. This 
would save appreciable amounts of fertilizers. Lucerne (alfalfa) plays 
this role in temperate and Mediterranean countries. Pigeon-pea (Ca.janus 
cajan) or other plants could play a similar role in tropical countries. 
More thorough studies should be undertaken on this.
3. MULTIPLE CROPPING
Multiple cropping is the general rule in traditional systems of 
cropping. The most common associations of plants in the same field are: 
Groundnut and cereals (pearl-millet or sorghum) and pearl-millet and 
cowpea (in the northern zone). Multiple cropping has many advantages 
in the exploitation of moisture and mineral reserves of the soil by the 
differential rooting of the crops, more effective use of light, the 
modification of microclimate, and the soil cover. Some experiments on 
multiple cropping have been carried out in Senegal (Nicou, 1964-65; 
Charreau and Nicou, 1971; Schilling, 1965) and in Niger (Nabos, 1963-65); 
they generally showed a slight agronomic superiority of multiple 
cropping over monoculture.
squam}Baa} SuxpuodsaaaoQ *^x pua ‘^x ‘°x isie a§axiT3 XTos 3° sxaAax
■smaasÁs aAxsuarjux-xmas ux papuauiuiooaa uox:}BZxxi3aa j 
oa spuodsaaaoo X3Aal * papuamuiooaa Áxrjuasaad aaa qoxqw sjaAaj 
uoxaBzxxx^aaj aq3 03 spuodsaaaoo x3A3l '£ 3ICIBX ux u¿»oqs sib sxsasj 
quaaajjxp asaq:} 03 Suxpuodsaaaoo saazxx'Raaj XBaauxui jo squnoma aqx 
pua pua ‘°¿ raaaw uox3azxxT3^93 xaaauxm jo sjaAaj aqx 'aSexn^ 
Xxos pua uoxrjBzxxiaaaj "[aaauxpq :a;iaM saorjoaj aqx ’SxaAax aaaq} 3a maqa 
jo qoaa ‘saotjoaj 0^3 jo uoxqauxqmoo xbt^°3°bj aqq ux sauara^aaaa auxu 
aqa paquasaadajt saojd auxu aqx "spxaxj ,saamaaj jo aaaa aqn paqoaojtdda 
pua ( ra os 03 0£) S3°ld xa:juamx;tadxa xBnsn aqi jo aaaa aq:} uaqa 
aaãaax qonm sbÃ qoxqw. * ra q06 °3 00Ÿ uioaj paãuaa sqoxd asaq} jo aaaa aqx 
•s^o"[d auxu pauxanuoo ^ooxq qoaa £ ax^BX ux tmoqs sy 0006 000*7
rnoaj paãuaa s^ooxq aq3 jo aaaa aqx •paaapxsuoo aaaÁ aq} aoj uox^eaoj: 
aqa jo doao auo ãuxAaq >poxq qoaa - s3poxq anoj pasxadmoo ^uaraxaadxa 
aq3 a:jxs qoBa 3a os 'uoxriBOXxdaji ou saw aaaqx *aaaA ÁaaAa pa^uasaadaa 
aiaa uox^a^ojt qoaa jo sdoao XIV 'aaqaoua 05 a:}xs 3UO uiozj paxaBA 
uox^aaoa aq} ^nq uox^a^oa aaaA-anoj a ux aaaw sdoao sarjxs xiB 3V
* (ZZ.61 ‘TBSauas-XVHl) ¿J^unoo aq3 jo suoxSaa XBOxSoxooa snotiEA 
aq3 ux pa^nqxa^sxp ‘saqxs ÇT inoqa 3a qno paxaaeo aaaw s^uaraxaadxa 
asaqx ;£96T sauxs XB§auas ux s^uaiuxaadxa XBxaoqoaj maaq-ãuox ux paxpnqs 
uaaq aAaq uoxaazxif^3! xB;[3UTra PUB ‘TTos 9l13 UJ as^aara aAxqaaaSaA 
jo uoxnaaodaooux aq} ‘a§BXXT3 ITos 3° srjoajja pauxqmoo pua abajadas
suoxaazxxaaauag x*l7
Tvoauas NI DNIddOHD dO SN3XSÃS NO SIN3WItf3dXa •*!
•qno paxaaao aq on paau saxpnjs qons aaoj^ *s:jxnsa;i 
Suxsxiuoad 3ab§ ‘aaAawoq ‘exaaãxfj uaaqaaou ux qno paxaaao amos "waj 
aja Suxddoao axdxaxnra aAxsua^ux uo s^uaraxaadxa pua ssax saa uox^aãxaax 
^noq^xA asn puax jo saxaxxTQTSSO^ ‘auoz XB^T^oaq. iiap aqrj uj
•sxspoui
aouaaajaa sa pasn aq uao ^nq XxapxA ÁaaA papua^xa aq qouuao suxa^sÁs qons 
‘uosaaa sxqq ao¿ ’padoxaAap sx aoxAjas uoxsuaqxa aAxaoajja ua ssaxun 
saamaaj Aq pasx^oaad aq qouuao pua pa^aoxqsxqdos AaaA sx rna^sAs XBan^xno 3I1X 
•sxaAax paooaa saqoaaa 3xun aoajans aad ÁqxAxqonpoad aqq pua aAxsuaq.ux 
ÁaaA sx XTos 9ll3 3° 3sn 3llX •ax^T^Bdraooux 30U aaa Suxddoao axdx^xnin Pub 
uox^BzxuBqoara aaq3 pawoqs aABq (o¿6T tPI3T3PB-ia) uoxqaSxaax qnoq^xa ao 
qrjXM auoz XBOxdoaq pxranq jo XBT^o^Bnba ua ux squaraxaadxa auaoaa amos
•maqsÁs sxqq ux ¿CxTSB3 3o^ra auop aaa uox^bzxxt^^S Pub ‘Suxpaaw 
XaoxuBqoara ‘ãuxquaxd ‘aSaxXT3 TTos ssnaoaq Suxddoao axdx5Xnra °3 psaaa 
-jaad ÁxXBasuaã sx Suxddoao ax§uxs ‘aaAawoq ‘smaqsÁs pazxuaqoam uj
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Table 3. Factorial Experimental Designs for the Study of the Combined 
Effects of Soil Tillage and Mineral Fertilizers in Senegal
t2 F1T2 f0t2 F2T2
0H
F1T0 F0T0 F2t0
T1 F1T1 F0T1 f2Ti
F1 Fo F2
'k 20- 
30
V  ^
<----?
20-30
m
F1 F0 F2 F1 F0 F2 F1 F0 F2
years
rotation Fallow
Groundnut or 
cotton
Cereal: Pear1-millet, Legume: Groundnut 
sorghum, or cowpea
maize, or 
rain-fed rice
Soil tillage: T^
Tq: Superficial hand tillage - burning of fallow and harvested residues
T]_: Superficial tillage with horse draft - burning of fallow and harvested 
residues
T2: Plowing under of the fallow with oxen draft - burning of harvested 
residues
Mineral Fertilization: F
Fq : No mineral fertilization
F^: Light annual complete fertilization
Groundnut and cowpea: 150 kg/ha of 6-20-10 
Cereals: 150 kg/ha of 14-7-7
Cotton : 50 kg/ha of ammonium sulphate + 50 kg/ha
of dicalcic phosphate
F2: Heavy fertilization, distributed over the rotation
Fallow : 500-700 kg/ha of rock phosphate (190-266 kg of P205/ha) 
Legumes: 91 kg/ha of KCI (55 kg of K^O/ha) + 30-50kg/ha of ammonium 
sulphate
Cotton : 133 kg/ha of ammonium sulphate + 62 kg/ha of KCI + 17 kg/ha 
of dicalcic phosphate 
Cereals: 150 kg/ha of ammonium sulphate + 60 kg/ha of urea.
•auoz x^a}uao 9q3 UT }nupunoa§ st u0T}d30X3 uy ^
pxnoo ‘asA3Avoq ‘spxsTÀ ux S3SB3aouT x^T3uç:îsqnS PUB uaaw^aq
}Bq} UBq} asqSjq XxiBaauaã aaaw °x°1i Pub ^X^à uaaw^aq saouaaajjfa 
•-j-(Tx^d) SU133SÁS xBUOI3TPB;i:l psAoaduiT aq} ut UBq} (^X^à) sui3}sÂs 
aATSua^uT-Tinas aq} ut aaqSiiq aaaw Aaq} puB ‘(°x°à) sraa}sÂs ts}UBSBad aq} 
ut UBq} sui3}sàs ivuoji-ipvxi paAoaduiT aq} ut asqSfq sas» spxsfii
doao ‘suoT§3a xiB PU13 s}UBxd jjv aoj B}Bp asaq} uioag: uaas sq ubo sy
•*j axqBX ut uwoqs 
aaB suoT§3a puB sdoao snoiaBA aoj s}xns3a OTuiouoaSB 3AT}BaBdmoQ
s}xns3^ DTiuouoaSy 3 * 17
B3dwioo ao }nupunoa§ - aBsÂ q}anoj 
(30ia p3j-uTBa ‘3ZTBU1 ‘uinqSaos ‘}3xXTm-T:iF9(i) XB9a9D - aB3Â pajqx
3ZTBU1 ao uo}}oo ‘}nupunoa§ - aB3À puoosg 
3a3qwÁa3A3 woxx^J ssBag - aB3Á }saT¿
:swoxx°3 3B
padsqs 3aB suoT}B}oa aB3A-anoj 3qx * SBsaB p3}TuiTX ut sasuiaBj psouBApB 
¿q p3sn 3aB qoTqw sui3}sAs jBATSUs^T-Tuias 4 aq} o} spuodsaaaoo
•3sn 3atsu3}X3 aoj pspuauiuiooaa Àx}uasaad st qoTqn ui3}sAs 
3q} st }Bq} *1sra3}SÀs x^uoT^TP^} p3AoaduiT t 3q} o} spuodssaaoo ^x^l
•a}BnbapB aaB sasBasTp jo 
Xoa}uoo pus ‘Sujpaaw ‘suoT}Baado x^J^T110 3° Sutuit} puB ‘pasBaaouT 
st uoT}Bxndod }UBxd ‘paAoaduiT aaB saT}ajaBA ‘uoT}B}oa aBxnSaa b ut 
aaB sdoao asnBoaq ma}siis x^uoj^TP^^ 9tH 3° }uauiaAoadurt ub st AxxEn3°E 
}uaui}Baa} °x°li 9q3 ‘ s}uaiuTaadxa asaq} uj ’pao'^OBad st uot}bat}Xuo 
puBq Axuo "XT03 9tl3 o}ut aa}}Bui 3AT}B}aSaA jo uox}BaodaoouT }noq}TM 
dub ‘aSBXXI^ TTos a}BnbapB }noq}pvsi ‘uoT}BZTXT}aaj xBj;9UTra }uoq}TM ma}sXs 
}U3S3ad sq} ‘st }Bq} ‘uia}sAs ,XBUOT}TpBa}, paxxB°-°s 9q3 3T °X°à
h•SuTddoao jo sma}sÀs asaq} o} puodsaaaoo 
suoT}Buxqraoo asaq} í^x Z¿ pus ‘^x ‘°! °d ^9q.X ’aaaq paaapTsuoo
aq XTTW "aq} Àxuo ‘paTpn}s suoT}BUTqmoo jvtxoiovj autu aq} Suouiy
•XTos 9LH o}ut moxx^J ssBaâ jo aa}}Bm 3AT}B}a§aA aq} sa}BaodaoouT Supyvoxd 
STqx *uoT}B}oa aB3À-anoj sq} Sutanp guTMoxd 3Uo ¿xuo ‘st }Bq} ‘sraa}sÀs 
3atsu3}ut—TU13S sq} u-p pasn a§BXXT3 ITos o:l spuodsaaaoo Zx isni3}sXs 
XBUOT}TpBa} jo }u3m3AoaduiT 3q} aoj papusramoosa st qojqM }jBap asaoq 
q}TiVi aSBxXT^ XBTDTï;[3<ius o} spuodssaaoo "^x '£ 9TclBI UT p3}B0ipuT sas
'W-'
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Table 4. Comparative Agronomic Results from Three Systems of Cropping 
in Senegal, for Various Crops and Regions*
Number
of
exper­
Years
of
Number
of
Yields kg/ha Yield indices
Crops Regions imental
sites
comp­
arison
annual
results
*0T0 F1T1 f2t2 F0T0 F1T1 f2t2
Pearl-
millet
Northern 
Center 
Southern 
Weighted mean
2
3
3
8
66-70
65-70
63-70
63-70
9
13
13
35
578
366
1,105
695
689
688
1,763
1,088
948
999
2,429
1,517
84
53
63
64
100
100
100
100
133
145
138
139
Sorghum
Sine-Saloum 
Eastern 
Southern 
Weighted mean
5
4
1
10
65-70
65-68
67-68
65-68
28
9
2
39
893
1,086
1,617
975
1,597
1,723
1,905
1,642
2,100
2,729
2,190
2,166
56
63
85
59
100
100
100
100
131 
158 
115
132
Maize
Eastern 
Southern 
Weighted mean
1
1
2
66-68
67-70
66-70
3
4 
7
792
168
436
1,338
1,284
1,308
2,425
2,684
2,573
50
13
33
100
100
100
182
209
197
Rain-
fed
rice
Southern 3 68-71 9 443 1,711 2,630 26 100 154
Cotton Eastern 2 65-68 6 1,109 1,531 2,061 67 100 135
Ground­
nut
Northern
Center
Sine-Saloum
Eastern
Southern
Weighted mean
2
3 
5
4 
3
17
65-70
65-70
65-70
65-68
63-70
63-70
10
30
52
26
19
137
861
998
1,454
1,426
1,644
1,311
920
1,238
1,732
2,232
1,905
1,669
1,044
1,154
1,997
2,339
2,072
1,821
94
81
84
64
86
79
100
100
100
100
100
100
114 
93
115 
105 
109 
109
Cowpea Northern 2 65-70 9 653 727 875 90 100 120
* Source: IRAT - Senegal, 1972
Mineral fertilization
Soil tillage
Fq : No fertilization
Fj_: Light fertilization
F2* Heavy fertilization
T q : Hand superficial tillage
T]_: Superficial tillage with horse draft
T2¡ Deep tillage (plowing) with oxen draft
Systems of Cropping FqTq: Traditional shifting cultivation 
F^T^: Improved shifting cultivation 
F2T2: Semi-intensive cultivation
•sjbuitub rjjBjp Sufpaaj aoj sasuadxa 
pnuuE aqj puB auamdTnba XBOTuqoaui PUB sxbuitub 3jB^p 30 asBqoand 
aq3 Sutzt3j;ouib 30 saSjBqo jbhuub aq} papnxouT 33 30 suoT:}BxnoxB3
•sanduT aqri 30
quB^aoduiT asoui eq:j .IB3 Aq sba sxbztjjijlbj 30 jsoo aqx ‘suiarisAs shotiba 
aq} ut pasn sjlgzjxjixbj puB ‘sapTOTtjsad ‘spaas 30 qsoo aq} ‘jaqqo aq:} uo 
puB sdoao aqq 30 anjBA aq} puBq auo uo papnxouT-*^ 3° suoT^BxnoxBQ
• suiaqsAs Zj,Z¿ PUB
ut aawox aq pinow sqx^auaq aafj •saan§T3 juaaa33xp aqxnb ux prisai PXnoii 
*7i61 UT spBui suot5bxuoxbo suibs aq:} ‘ststjd Aãaaua aqq aa^3B saazTXT5Jta3 
30 3SOO aqq ut sasBaaoux auaoaa 03 anp 3Bqq pauoxrjuam aq pxnoqs 3j
•VTD SOUBJ.J 053 = $ ‘S'il I 3° sxssq aqq uo $ *S*n o:iux 
paraao3SUBa} uaqa aiaw Aaqx • (Z/L6T ‘TB§auas-XVHl) XB§9U9S UT pasn Aauaaano 
aqa st qoxqw ‘* V'a'3 souBa¿ ut ZL6T UJ spsui aaaw suot5bxuoxb0
SO 'S 30 UOT^OUn3 JB3UTX B ST a ‘a^TS U3AX§ B .IO3 }UB3SUOO 3JB 33 PUB H SV
•uojaB^oa 3q^ 30 B3IB sqa ao3 ssSjBqo paxj3 = 33 
Bq ut U0T3B30J aqa 30 BajB = s
UOT^B^Oa
OJ aq3 30 S5SOO 3xqBTJBA puB suan^sa ssoaS U33£\j3q 30U3j333Tp = w
U0T5B30J 3q} UT B3JB 3q^ JO3 S^T33U3q 53U = a sjsqw
(T) 33 - S x^H = 3
ruoT^Bnba
aq^ 1110:13 pa^ndmoo aq pxnoo Baje }Tun aad s^Tjauaq qau aqa ‘suraqsAs 
aaaqq aqq 0:03 auiBS aqq sba uot^b^oj aq:} sy 'bsjb axun aad auxooux
•ubih jad puB B3JB }xun Z3d p3^BXnOXBO U33q 
3ABq s3J33U3q 3S3qx ’Suxddoao 30 suraqsAs snoxjba sqn 1110:13 s}X33uaq qau 
aqq ajBdmoo 03 snusuixaadxa asaq^ ut apBui aaaw suoxriBxnoiBO OTiiiouooa
B3BQ OTUIOUOOa £"ÿ
•anupunoaS q3TW UBqj uou^oo puB sxBaaao 
qaTA aaqgTq Axx^aauag osxb aaaw Aaqx *auoz x^xiuao puB uaaqaaou aqj 
ut ueqj auoz uaa^SBa pus uaaqqnos aqa ut jaqSjq ajaw sasBaaouT ‘xeaauaã 
uj 'dojo aqq 30 aanrjBU aq^ (q) puB auoz xB3T§°T009 9lt:l (B) uo papuadap 
sasBaaouT asaqq 30 apn^TuãBui aqx '^X^á uioj3 §uto§ pauTB^qo aq
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The area which can be cropped by one draught animal and the 
corresponding mechanical equipment are limited and variable in the 
different zones. It depends mainly on weed control which requires an 
increasing number of work hours going from north to south. Areas which 
can be cropped by one drought animal in the different regions are as 
follows :
Northern and Sine-Saloum 
central regions region______
ï'i'I'l (1 horse)
F 2T 9 (1 pair of oxen)
8 ha 
16 ha
6 ha 
10 ha
Eastern
region
4 ha
8 ha
Above these area limits the farmer must buy a second draught animal 
with the corresponding mechanical equipment. This results in a doubling 
of the annual fixed charges and a break in the linear curves representing 
the net income versus the cropped area.
Comparisons of net incomes versus cropped areas in three systems of 
cropping are shown in Figs.l and 2 for four regions in Senegal. They 
concern five rotations with various crops.
As can be seen, the net incomes are very variable depending on the 
regions. They are low in the northern and central regions where climates 
and soils are not favorable to agriculture; they increase in the Sine- 
Saloum and, above all, in the eastern region where both climates and 
soils are better.
Economic responses to the three systems of cropping are also quite 
variable depending on the regions and the rotations. Considering Fig.l, 
it is seen that improved systems are not profitable in the northern zone; 
in the central zone with higher rainfall, the economic result of improved 
systems approach those of traditional systems on sandy soils; in the 
same zone, but on more clayey soils (Interdune) where sorghum can be cropped 
instead of pearl-millet, profits are higher on F2T2 than on FQTQ and 
F^T-^, resulting from large increases in yields of sorghum through plowing 
and heavy fertilization.
In Fig.2, the three systems of cropping show little differences in 
profits in the Sine-Saloum region in contrast to the eastern zone where 
profits from F^T^ are clearly higher than from FQT0 and profits from 
F2T2 are clearly higher than from FjTj. It will be noted that differences 
in profits between'F2T2 and F]_T]_ increase in this zone when cotton is 
substituted for groundnut as the second crop of the rotation.
Income per worker. In the present systems of cropping (F0T0) with 
hand cultivation, one man can crop 0.8 to 1.2 ha depending on the region
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aiil *XaA3T aawox qonrn b :}b suTBinaa aa^aoM aad auioouT qau aqq ‘XaBaquoo 
aq:} uo "saTaqunoo aqBaaduiaq Aubui jo 3Bq:} uioaj quaaajjip AaaA qou si Bq 
aad arnoouT qau aqq suiaqs^Cs aATSuaquT asaqj ut 3Bqq sasaddB it ‘sajaqunoo 
a^Bjaduiaq ut amoouj XBanqxnoTaSB 3lP apBui st uosiaBduioo b jx
•uoiSaa aq} uo ãuipuadap ‘âuTddoao jo sraaqsAs quasaad aq:} jo :}Bqq 
UBqn aaqâfq saurt:} 9'ç 03 9-£ aa^aow aad araoouT qau aqq puB aaqSiq sarai:} 
9*2 03 £•■[ st Bq aad araooui qau aqx "auoz xBaquao aqq ut puB mno^BS 
-aujs aq3 ut ÀxiBjoadsa ‘XBiquB^sqns aaBaa^aow aad pus Bq aad amoaui qau 
ut sasBaaoui ‘uaas aq ubd sy *(ZL6T ‘TBSauas-XVSl) paipnqs ÂxsnoiAaad 
smaqsÁs qsaij aaaqq aq:} 30 qBq:} qqiw paaBdmoo st aa^aow aad puB Bq 
jad araooui aau aqq aaaqw ‘ç ajqBx ut uwoqs a ab smajsiîs asaqq go s^xnsaa 
qsaij aq3 jo amos ‘XBâauas ut Áx^uaoaa Áxuo UBãaq sraaqsÀs asaq:} uo 
squamiaadxg 'smaqsÀs aaqqo aq} ut UBqq uouiaïoo aaora st sxBaaao uosBas 
-qaoqs jo asn aq:} ‘paB§aa siq:} ux -uoi:}B:}oa aq:} Suianp axqissod sb 
uaqjo sb auop st sanpisaa doao aapun SuiMoxd 'pasiqoBad si uoiqBAïqxno 
snonuiquoo puB paqBUimixa st aanuBra uaaaS ao smoxxbj aqq smaqsÀs 
aAisuaqui asaq:} uj ‘uot^bat^x110 aAisuaqui aaoui Aq amooui qau aqa 
asBaaouT 03 apBui aiaw sqdmamB quaaa^ *xaAax woj aaqqBa b 3B uiBrnaa 
sasBaaoui asaq:} ‘aa^aoM aad pus Bq aad samooui qau aqq SuisBaaoui aoj 
sraaqsXs aAisuaqui-iraas puB paAoadmi jo asn aq:} ui ssaaSoad aqidsaQ
SuTddoao jo smaqsAs aAisuaqux moaj sqxnsa-g ¿aBUTraixaaj ^‘<7
*(ZXZd) UOT^BAT^inO
Suiqjiqs jo smaqsÀs aATSuaquT-Tiuas aqq aoj ana} ÁxxBioadsa st 
sjm ’^TTJ^-13? TTos 3lP 3° quaraaAoadmi ao aouBuaquiBra 03 puB ‘qonpoad 
XBUOT3BU ssoaS pasBaaouT 03 ‘uoiqonpoad pooj pasBaaouT oq suiaqsÀs 
quasaad aqq UBqq aaora aanqiauuoo sraaqsiis paAoaduiT aqq ‘qndBO aad ^Tjauaq 
auiBS aqq uaAa ao BaaB 3Tun aad ^Tjauaq auiBS aqq uaAjâ ‘aaAoaaow
•suiaqsÁs quasaad aqq ut 8¿$ 
paasduioo sb rnaqsXs aATSuaquj-Tuias aqq ut 0SZ$ saqosaa aa^aow aad amooui 
qau aqq ‘asBo siqq uj '00'I °3 *?Z'£ ‘aiqnop st aa^aow aad saraoouT jo 
oT^Ba aqq SBaaaqw 00'I o:l Z9’T ST suraqsAs quasaad aqq oq aAxsuaquT-TUias 
aqq ut BaaB qiun aad amoouj jo OT^Ba aqq ‘(02"St¿) auoz uaaqsBa aqq ut 
‘a^duiBxa aoj • paqBnquaooB aq UT1^ sinaqsÀs aqq uaaiAqaq saouaaajjip aqq 
‘suoTqipuoo ajqBaoABj qsora aqq aapun 'aanq^noTaSB aoj ajqBaoABjun qsora 
aqq ‘suoiSaa uaaqqaou aqq ut uaAa ‘suiaqs/is quasaad aqq ut UBqq sraaqsXs 
paAoaduiT aqq ut aaqSiq sàbw[b aaB aa^aow. aad sqijauaq aqq ‘BaaB 3Tun aad 
sqjjauaq aqq 03 qsBaquoo ut ‘scsBq siqq uo * (^X^d PUB T-X^d) Suiddoao 
jo smaqsiCs paAoaduiT aqq aoj a^qnop aq uta aa^aow aad auioouj aqq 
(b3-§t¿) uoiãaa mnojES-auTS aq3 ut sb sraaqsÀs aaaqq aqq ut auiBS aqq aaB 
BaaB 3Tun aad sqijauaq aqq aaaq/4 qsqq suBarn siqx ‘Suiddoao jo sraaqsÀs 
aaqqo aqq ut Bq z PUB sraaqsAs quasaad aqq ut Bq x doao ubo ubm auo 
aâsaaAB ub uo ‘parons ÀxpBoag *Bq £ 03 z doao ubo aa^aow auo ‘(^x^d) 
uoTqbatqjno pazTUBqoara q^TA Suiddoao jo smaqsÀs aATSuaquT-Tuias aqq ut puB 
(T^X^d) uoT5BATqxno 3° smaqsÀs paAoaduiT aqq ux 'uoT^B^oa aqq puB
T9<7
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pajtapxsuoo aq }ouubo auoz pxjB sxq} 30 }uamaSBUBUi aq} }Bq} }no pa}uxod 
aq }snui }x ‘jaAoaaow -}jdo}ssaxx jo }usuis§bubui aq} ut spBui aq ubo 
ssaaâoad araos ‘ps}xuixx sx uox}Bxndod ax}}BO aq} 31 ’sxxos puB uox}B}s§sa 
uo s}Osjja xnjro^q pxoAB o} pa}xuixx iCx3j;9A9S 9C1 s^Bq uox}Bxndod ueuinq 
puB ax}}Bo sjojsasq} pus x®T3ua}od wox Xjsa sBq }x uox}b3xjj;x }noq}xw 
}Bq} }obj aq} }daooB o} sx auoz sxq} aoj }uauia§BUBUi 3:0 axna }sjxj aqx 
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-aoons jo s}oajja *suoz }UBumqsuB2} sxq} o} ‘}obj ux ‘ÂxddB sasdBdsASu 
aq} ux auoz 1(UBxxsqBs(l psxxBO-os aq} o} ssousasjsa aq} jo }so>j *sx}}bo 
pus uam uo s}q§noap xBnuu^ SAxsssoons jo s}oajja ox}SBap aq} o} anp 
B33B sxq} o} uwBjp uaaq SBq uox}ua}}B px^ow SJBSyÇ }Ua03J âuxanQ
•sjsax^
XBâsusg pus asSxfí sq} jo suxBxd 3q} Axuxbui ‘sbsjib }ss}}sm sq} ux 3sq}B§ 
3X}}bo UOSB3S Àjp 3q} jo pu3 3q} Ag ’spxsxj ,s;isui;tBj ux ssnpxsaj dojo 
3q} uo paaj Aaq} ajaqw 3Uoz x^n}xnoxj8B °3UJ paBwq}nos aAOUi spaaq
3q} *UOSB3S áuxbj sq} jo pu3 3q} Àg *a;tn}SBd jo qojBSS ux uosBas âuxbj 
}joqs 3q} Suxanp aaq}ouB o} soBxd suo rnoaj 3aoih 3X}}bo jo spjcsq sasq* 
3UOZ t(}UBranqsuBJ}(1 3q} sx }i *§uxraaBj ou ^xx^T^^ad si sjisq} ssnBosq 
‘sjsq psxpn}s U33q }ou SBq uoxSsj: sxqx *pspnxoux }ou 9ib b}xoa asddfl pus 
XBâauas 'PBqo puB aaSxN ‘txbw jo s};æd axppxrn sq} puB BxuB}xanB^ jo 
jiBd uasq}nos sq} o} spuodssjjoo sxqx *q}nos sq} o} }sÀqosx mai OÇZ sq3 
0} q}aou sq} ux }jsssa BJBqBs sq} uioaj spus}xs uoxâsj }sjxj sqx
‘(C’^Tà) ¿X^9^ ®q3 °} SuxpaoooB psxpn}s bsjb sq} ux
suoxSaj uxBui ssaq} qsxn§ux}sxp o} ‘ÀjBa}xqaB }Bqwsmos qânoq}XB ‘}usxusauoo 
sq XIT^ 3ï ‘P^bSsjl sxq} uj *psxpn}s bsjb sq} ux sasqwÀasAs sdoao 20 j 
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pag-utBa pue aziBui st ^Bip ‘sxBaaao go sxpaTÁ 3tn saurc} uaq 03 aaaqrj 
KxdT3xnm °3 PUB ‘ranqâaos pus rjaxifra-xaBad ‘sxBaaao XBUoxqxpBaq aqq go 
spxajyC 3lH aiqnop UBqq aaora 03 arjBnbapE st ÀSoxouqoa:} axqBXTBAB quasaad 
aqx *auop aaB sanpisaa doao go aapun SuTMoxd asjnSaa puB ‘uot:}eztxt 
XBaaufui quaTOTggns go uoxqBOTiddB ‘sanbxuqoaq xBJ;n:iTn:3 pooS qBqq papTAoad 
axqissod st Suiddoao snonuiquoo pus aaSaBj st paddoao aq ubo qoTqw 
saioads go aaquxnu aqx 'UOTSaa SuroSaaog aqq ut UBqq ssax qonra aaB uosBas 
¿UTBa aqq ut uoiqBanp puB XTBJUTBa ajqBTaBA go squTBaqsuoo aqq qnq 
‘uofâaa STqq ut punog aq osxb ubo suBd uoai 03 qqdap woxXBqs q3Tw sxtos 
go SBaaB quBqaodmx 'UooaaiiiBQ uaaqqaou puB BTaaSjN uaaqqaou ‘psqo ‘bjxoA 
aaddn ‘tjbw ‘XBâauas go qaBd uaaqqnos aqq go qsora pus BjqraBf) go XTB 
saprijouT uoiSaa siqx 'ram 00£‘l °3 000‘T SuiSuBa XTB3uTBa xBnuuB
UB3U1 b 03 spuodsaaaoD uoTrjBanp ranmiXEm go niraix sjqq ‘uojâaa aqq uo 
SuTpuadaQ *xXBguTBa jbhuub ub3ui aqq Áq uBqq ‘ (SiÍBp OÇT) uosBas XuTBa 
aqq go uoiqBanp rnnuiTXBm aqq Àq pauigap aaqqaq st qojqM qjmxx uaaqqnos 
b 05 qqaou aqq ut rara Qq¿ qaXqosT raoag spuaqxa uoiSaa paiiqq aqx
•paqoa^Sau aq qou pjnoqs qnq 
pa^TuiTX aaora aaB aaqBw punoaS puB aoBgans go saaanos aaq^o "sxauuBqo 
puB suiBp SuTpxfnq aog squamqsaAUT /ÎABaq aajnbaa qnq Bq 000‘000‘l 
UBqq aaom bajoaut Aaqx "P^qo a^Bi punoaB puB saaATg aaâTft pus XBâauas 
aqq go suTBxd aqq ut auoz STqq ut qsTxa uoT3B§TaaT go saTqTXiqTSSod 
pooâ ‘aaAoaaow 'quaoaad 08 o:* quaoaad qz raoag aSuBa pus ssax ‘asg snqq 
‘aaB saranSax 30 spxaTÂ ut sasBaaoux ‘XBâauas aog saxqBq Suipaoaad aqq 
ut saxdraBxa ¿q uwoqs sb sraarjsAs quasaad raoag qBqq go axqnop UBqq aaora 
sxBaaao go spxafX aAjS ubo uojqBZTXTqaag XBaauira puB ‘sanbiuqoaq xB:m:îXn::) 
‘saT^aiaBA go squaraaAoaduiT ‘saoqoBg asaaAps asaqq aqjdsaa *uosBas XujBa 
aqq qaoqs aaAawoq ‘uoT^Bqoa aqq ut aouo qsBax^B XTos oqux aamBui 
3AT3BqaSaA aqsaodaoouT puB aspun woxd oq aanuBra uaaaS ao woxiBg ssBa§ q^TW 
poxaad SuTqsaa b aprijouT pjnoqs suoTqBqog -paqTraTX si paddoao aq ubo 
qoiqw saioads go aaqranu aqq ‘uosBas AuTBa aqq go ssauqaoqs aqq 03 ana 
•suBd uoaj puB qqdap AïojxBqs aqq 03 Sutmo aanrix^T^S13 ^°3 aqBnbapEUT aaB 
s^Tos aqn go quaoaad gj qnoqB asuBoaq aoqoBg Sut^tuitx b st xïos 3lî;l osTV 
•uoTqnqiaqsTp ^xqquora OT^Baaa sqj puB qxau aqq 03 aBaX auo raoag xiBguTBa 
go iíqiXTRBTaBA aqq puB uosBas iíuTBa aqq go ssauqaoqs aqq Àq paqiraTX 
st BaaB sjqq ut XqTAjqonpoad XBiquaqod ‘uoiqBSjaaT qnoqqT^ ’uooaaraBO 
uaaqqaou puB BiaaSiN uaaqqaou go qaBd b sapnxoui osxb 31 *pBq3 puB 
‘Bqx°A Jaddfl ‘TXB^ ‘XBâauas ut paddoao BaaB aqq go gxBq-auo puB païqq-auo 
uaawqaq puB aa§TN ut paddoao BaaB aqq go xiB oq spuodsaaaoo auoz sjqx 
•aoTaaquT aqq ut saïaqunoo aqq aog UBqq (XBâauas) apTs ot^uex^V uo 
aaqaoqs st 5t XTBJuxBa go qunouiB xBnuuB u3at§ b aog isXBp 02T o:> 09 moag 
saSuBa UOSB3S XuiBa 3qq go uoiqBanp sqx *qqnos 3qq ut qsXqosT rara OÇZ
03 qqaou sqq ut qsyÇqosT rara qçz 3ll5 raoag spuaqxa uojSsa puooss sqx
•snuTquoD XTTW PUB 3U3U13X333S go 
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rice, with high input requirements recently developed in this region.
As for the cash crop, the yields of cotton can be more than doubled and 
the yields of groundnut can be increased from 10 to 80 percent. Examples 
of these increases are shown in Table 4 for Senegal.
Not only in the last two regions discussed above does the improve­
ment in systems of cropping results in large increases of yields but 
it enablesone to maintain and even to increase the soil fertility, 
whereas the present systems of farming have led to a slow but steady 
degradation of the soil. This does not mean at all that the presently 
available technology is perfect and that no technical obstacles exist 
any longer. On the contrary, substantial progress can be expected from 
the development of new improved varieties, a better knowledge of the 
water-soil-plant relationships, a better understanding of the nature of 
organic matter in the soil, the practice of liming, the use of chemical 
herbicides, the management of soils with high potential productivity, 
such as the Vertisols, and many other factors.
But these technical obstacles seem to be of relatively little 
importance compared to the enormous economic obstacles resulting from 
the present general situation in these countries. The ratio of input 
to output, that is, manufactured products to price of crops, is very 
unfavorable in these countries even when products are manufactured 
locally because of the use of some imported products. So the use of 
manufactured products necessary for the improvement of agriculture, 
mainly fertilizers and mechanical equipment, is severely restricted 
everywhere. The general situation has recently worsened due to the 
energy crisis. Actually, in this context few countries in the region 
are able to make substantial progress in agricultural development with 
their own resources. Most of them urgently need increased help from 
industrialized countries. For the latter the question is whether it is 
better to give food periodically to these countries to prevent general 
starvation or to provide the means to enable them to make significant 
progress in food production. There is no doubt that the second 
alternative is much better than the first if only the interest of these 
African countries is considered.
In addition to economic obstacles, there are also human and socio­
logical problems. In many cases special methodologies would have to be 
developed to extend new technology to the farmers more effectively. 
Sociological changes will result from the adoption of new technology. 
These changes will have to be foreseen and controlled to avoid social 
disorders.
To sum up, substantial increases in agricultural production are 
possible in these countries even in the less favorable regions but 
technical improvements will be of little or no effect if they are not
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